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] PRELTWINARY REPORT
GEOLOGY OF THE ORANGE COUNTY COPPER DISTRICT, VERMONT

By W. S. White and J. H., Eric

ABSTRACT

The Orange County copper district in east—central Vermmont includes
an area about 20 miles long and 5 miles wide, elongate north—south.
It contains three important mines, ths Eligabeth, Ely, and Furekes
Unions The district ylelded important amounte of copper before 1882,
mostly from the Ely mine, but has since been only & small and inter-
mittent producer. Total production is estimated to be between 50 and

60 million pounds of copper. :

~The district contains highly deformed stratified rocks of Ordo=
vician or Devonian age, The western part is underlain by 2 series of
calcareous schists known as the Waits River formation, and the easterm
part contains dominantly quarte-mica schist, Needle amphibolite, proba-—
bly of volcanic origin, and coarse garnet schist bede are locally impor-
tant stratigraphic markers, All the rocks are highly metamorphcsed.

The bedding is intensely folded on a large and small scale, and a
well-developed cleavage lies essentially parallel to the axial planes
of major and minor folds. The folds generally plunge less than 30° N-
N.E, ,

The cleavage itself is deformed cn a large and small scale, The
copper district lies on the sast flank of a broad cleavage arch whose
.axis lies parallel to and a few miles west of the district, Minor
flexures or "rolls" in the cleavage ars common in the central part of
the district, and the Ely ore shoot lies within and plunges parallel
to the axis of oneé such "roll.” Faults that cut and deform cleavage
as well as badding also contain sulfide deposits,

The ore is a mixture of pyrrhotite with subordinate chalcopyrite
and sphalerite, The average correr content of ore at the different
mines ranges from 2 to over 3 percent, Principal gangue minerals are
querts, feldspar, mica, hornblende, and carbonate; these minerals
represzent, for the most part, unreplaced constituents of the country

rock.

The ore bodies are lenticular and gensrally lie parallel to the
cleavage of the wall rocks. The Eligabeth mine workings are confined
to a single large body, but the other two large deposits are composed
of several small bodies that overlap like shingles on a roof, The
two largest ore deposits, Elizabeth and Ely, are definitely elongate
shoots, and their .elongation is closely parallel to the plunge of minor
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folds in their vicinity., It is suggested that the Pureka-Union de-
posits may be connected to a similar shoot at moderate depth, and
this possibility could readily be tested by drilling.

Geologic factors that should be considered in connection with
geophysical prospecting are discussed, and a number of favorable
areas for geophysical prospecting are described,

Detailed descriptions of individual mines and prospects, ex=
cluding the Elisabeth mine, which has been described in an earlier
report, follow the general discussion,

INTRODUCTION

The Orange County copper district in east~central Vermont con—
tains three important mines, the Eliszabeth, Ely, and Bureka~Union
(Pike Hi11l), and a number of small deposits and prospects, The loca-
tion of the district and mines is shown in figure 1,

Mambers of the Geological Survey, United States Department of
the Interior, studied the district in 1942 and 1943 as a part of the
Survey's program of providing geologic information that will aid in
developing known deposits of strategic minerals and in the search for
new depositse The mines were examined in detail and a geologic map
of the district (ple 1) was prepareds The senior author was ably
assisted in all phases of the field work by J. He Exric, I, G. Sohn,
and T, W, Amsden, G. H. Espenshade of the Geological Survey con-
tributed much helpful guidance as well as material assistance for
five weeks at the deginning of the project, ,

"~ The Buresu of Mines, United States Department of the Interior,
conducted drilling programs at the three important mines, partly in

cooperation with the Geological Survey. The project engineers in
charge of this explorstion wers H, P, Hermence and J. E. Bell, Mr.
Hermance, in particular, has been most helpful in many problems invol-

ving cooperative effort.

G. Re ¥acCarthy of the Bureau of Mines began resistivity and
self~potential investigations in the district in June, 1943, and some
of the results of this work are used in a discussion of the search
for new deposits in the district by geophysicel methods. '

. supplied

Mine maps and other information/and many gracious courtesies
extended by Mre He M. Kingsbury and ¥r, Je. A. Ncrden of the Vermont
- Copper Co., Inc., are gratefully acknowledged.

GEOGRAPHY

The copper district lies in a country of rolling hills with an
averags relief of 500 feat and a maximum relief of 1,800 feet.
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Thw:-thirda of the region is wooded and the remainder is open farm-
d.

Most places are within a mile of travelled roadsj very few of
the roads are paved, All parts of the diatrict are within 9 airline
nlles of the Boston and Maine railrocad.

Water in brooks and streams can generally be found within a mile
of all points, but electrical powsr for mining operations would, in
MSr:ilJ,. have to be obtained by extending existing lines for as much
as L1 I

Housing in the rogioix presents seriocus problems wherse more than
a few individuals are concerned,

Many trees blown down during the hurricans of 1938 will, in places,
reduce the efficiency of most types of exploration by factors greater
than 50 percent.

GE¥OLOGY
Lithology

The rocks of the region are highly deformed and metamorphosed
sedinments of Ordovician or Devonian ages The ecastern part of the dis-
trict is underlain by more or less quartsose mica schists, and the
western and northern parts contain calcareocus schistss The boundary
between these formations (fig. 2 sand pls 1) may be traced for many tens
of miles in a course roughly parallsl to the Connecticut River.

The calcareous rocks belong to the Waits River formation, and in-
clude calcareous quartzite, calcareous mica schist, and thinly inter-
laminated mica schist and quartz-mica schist, The average carbonate
content of the formation as a whole iz 35 percent or less, The rocks

. are interbedded with one another in all proportions and the thickness
-0of individual beds ranges from a fraction of an inch to at least 20
feet, Non~calcareous members several hundred feet in thickness are
distinguished in plate 1. The thickness of the formation must be many

thousands of feet.

‘:’A“‘(M The non—calcareous schists, referred to in this report as the
6*" "gchist formation," apparently overlie the Waits River formation. The
rocks of this formation are dominantly quartz-mica schist, with subor-
dinate mica schist, kyanite-mica schist, and micaceous quartzite, There
are several calcareous members that contain rocks identical with those

of the Waits River formation,

. Banded needle amphibolite probablfof volcanic origin, forns at
least one thick well—defined stratigraphic unit in the districte This
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member lies close to the boundary of the two formations described
sbove, and its outcrop is shown in plate 1, Other thin layers of
amphibolite, some of which may bs intrusive, are locally common but
not abundant throughout the schist formationj a few sre found in the
YWaits River formatiom,

Exceptionally coarse garnet schist is closely associated with
some of the amphibolites of the district, The garnets in this rock
have an average diameter of 1 inch and a maximum diamster of about 2
inches, Beds up to 50 feet in thickness lie between the large amphi~
bolite menber mentioned above and the adjacent schists, Other garnet
beds, some of which are associated with small layers of amphibolite,
are shomn in plate 1,

Except for outcrops of pegmatite mapped west of Pike Hill (ple 1)
and & few coarse amphibolites that are believed to be of igneous corigin,
no intrusive rocks were found in the district, A large area north of
the district is underlain by granitoid rocks that were intruded after
the mejor deformation of the stratified rocks.

) . Small pods, lenses, and veins of quarts make up as much as 12 per-
cent of the more micaceous rocks, and a amaller proportion in the more
quartzitic,

Metamorphisa

The minerals that now make up the stratified rocks were largely
formed from the original sedimentary materials by intenss heat during
a period of regional metamorphisa, This metamorphism was closely re-
lated to the intrusion of the granitoid rocks north of the area, and
reached a stage of maximum intensity after the major deformation. The
ore deposits were probably formed at e late stage in the metamorphisa,
and the gangue minerals of ths sulfide deposits are identical with the
matamorphic minerals of the surrounding rocks.

Structure

¥ajor structural features
The rocks of the gﬁs{r{ct are highly folded and locally faulted,

and the stratified rocks all have & well=defined cleavage,

The bedding is closely folded on a large and small scale. The
larger folds are shown by the regional outcrop pattern (pl. 1 and fig,
2) and locally by reverse patterns of the minor folds in the bedding
on opposite limbs of the major folds. These minor folds, which range
in sige from less than an inch to many feet across, can be found in
most of the outcrops in those parts of the area characterised by ma jor
folds, but are not abundant in the southern and sast~central parts of
the district, The axial planas of both major and minor folds are



roughly parallel to the regional trend of the cleavage (fige 2)e
Almost all the folds plunge north to northeast at angles generally
less than 0 degrees. A few exceptional folds in the Elisabeth
open cut and in the area immediately south of it have horizontal
axss or axes plunging gently south, '

The cleavage of the rocks, formed by parallel orientation of a
me Jority of the micas, is roughly parallel to the axial plenes of
folde in the bedding and generally intersests the bedding at a low
angle, FWhere minor folds are few, bedding and cleavage may be essen~
tially parallel, )

The attitude of cleavage iz relatively uniform within emall
arsas, but on a regional scale sppears to form a broad arch whose axis
lies a few miles west of the district, Within the district the attie
tude changes from stesp dips and nearly nort strikes in the
southeastern part of the area to gentler dips westerly strikes
itxin the northern and western parts of the area, as brought out in

gure 2,

Subo te struct eature

The structural elements that are of most evident importance
from an economic standpoint are subordinate to the larger regional
features, In this clags belong certain minor faults and a group of
flexures or rolls in the cleavage,

Faults,—Four faults have been recognized in the area, The vein
gcne at the Elizabeth mine (showm on pl. 1 by the line of pits and
trenches) lies along a reverse fault parallel to cleavage, and a small
mineralized reverse fault extends south from the main Ely ore shoot
(pls 2)s A fault with north-south strike and unknown dip was mapped
in the vicinity of the Cookville mine (pl. 1, fige 6)¢ The vertical
stratigraphic displacement, dom on the east side, is apparently about
1,000 feet. The fourth fault lies south-southeast of Gilman Hill (pl.
1)s The dip is not known and the displacement is probably only a few
hundred feet,

Clcavage rolls.—Local changes in strike of the cleavage, here
referred to as "clsavage rolls® to distinguish them from folds in bed-
ding, are characteristic of the vicinity of the Ely mine, where one
is of fundamental importance in localization of the Ely ore shoot. In
long narrow areas, up to 5 miles in length and half a mile in width,
trending N, 25° E., the averags strike of the cleavage is 20 to M
degrees more westerly than the regional strike in the vicinity. These
areas are shown, probably in over-simplified form, in plate 1.

The cleavage rolls have been studied in most detall at the Ely
mine. In plate 2, which shows the attituds of cleavage in the vicinity
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of this mine, there are at least three well-defined narrow sones,
trending about Ne 20° E,, in which the strike of cleavage is more
wasterly than elsewhere, The center line of one such zons lies
about 700 feet wast of the main shaft entrance, a second one crosses
the shaft entrance, and the third lies about 1,200 fest east of the
shaft entrance, Each roll msy be considered, structurally, as a pair
of folds, an anticline east of a syncline, although the amount of
curvature 1s small in comparizon with that of the folds in the bed-
ding of the region (see figs 3)s The average plunge of the rolls is
239 N, 30° B, Near the mins there are many =mall rolls in the
cleavage which duplicate on a small scale the major rolls, The ob-
served trend of the zones and the average plunge of the rolls suggests
:l;ut. the axial planes of the rolls dip eastward at angles of about 70
Erees,

The average plunge of the axes of typical minor folds in bedding
and of intersections of cleavage and bedding in the vicinity of the
Fly mine are similarly oriented. The average of the 55 linear elements
plotted in plate 2, including both fold axes and cleavage-bedding
interssctions, is 23° N, 36° E,

Inasmuch as the cleavage that 1ies more or less parallel to the
axial planes of the folds is itself deformed in the rolls, the rolls
are clearly later than and distinct from the folds.

One of the rolls has apparently been of major importance in
localiszing the Ely ore shoot, The upper workings lie within an area
of more westerly strikes, and only small stringers are found outside
of this area. The plunge of the shoot, 25° N. 3,° E,, is almost
exactly parallel to the plunge of the roll., Such similarity can
scarcely be coincidence, and emphasizes the importance of this roll
in forming a favorable environment for ore deposition,

In addition to these large cleavage rolls, drag folding of
cleavage on a smaller scale is noteworthy along the faults at the
Klizabeth and Ely mines, Such drag folds are likewlse quite distinct
from the common folds in bedding. Drag folds in the cleavage up to 10
feet across typically lie adjacent to the fault southeast of the maln
shoot at the Ely mine (fige 3 and pl. 6)s The top of the main ore
shoot at the Elizabeth mine abuts against the trough of a large syn—
cline in the cleavage on the hanging wall. This syncline plunges from
. §° to 20° N,NE., and is roughly parallel to the avearage orientation of

minor folds in bedding in the vicinity.

ORE DEPOSITS
History and production
For many years prior to 1882, when the Fly mine closed down after

28 years of continuous operation, Vermont was among the foremost copper-
producing states, Ore suitable for amelting was produced at all the
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mines by hand sorting and heap roasting, About 70 percent of the
total copper from the district, mostly from the Fly mine, was ob-
tained in this manner. Only higher grade ores, averaging at least

3 percent copper, were profitably worked, and the mines with lower
grade ore wars only intermittent producers.

Since 1882 there have been many attempts to concantrate the ore
fron the Vermont mines with more modern methods, but none has been
successful in malntaining anything approaching continuous operation.
High mining cost in these relatively amall deposits and lack of a

market for the byproduct pyrrhotite have been the chicf obstacles to
cheap productlion of copper,

The estimated production (and grades) of the mines of the dis-
trict is summarised in the following table:

Mine Tons ors aiﬁod Ay, grade Pounds com‘ r
Elizabeth 250,000 2,2 10, 500,000
Ey 500,000 3.5 3560070002
BEureka 60;000 205 3’228'000
Union ? 5 000
Total 900,000 51021000009

)/ Does not include an estimated 150,000 tons mined for copperas,
1793-1875 or later,

2/ Plus or minue 5,000,000 lbs,

3/ Union production assumed to be 90,000 tons.

The abovs table does not include a few small shipments of ore

that may heve been made from the Orange, Gove, South, Cookville, and
Smith mines. .

Compoeition of the ores

The ore deposits are bodies of massive and disseminated sulfide
that have wholly or pertly replaced the typical schists of the region,
The principal metallic mineral is pyrrhotite (FenSng1), which mekes up
about 50 percent of the ore as mined, Copper, which occurs almost
wholly in the mineral chalcopyrite (CuFeS;), is present in proportions
that. vary from tracss at some prospects to over 3 percent in the ore
of the Ely mine, There are traces of cubanits (Cugle,S¢) in the ore.
Sphalerite (Zn3) is common at all the deposits, but generally averages
less than 1 percent of the ore. 4 little pyrite exists at all the
deposits, and magnetite was found at the Orange and Cookville mines,
Magnetic fractions of Elizabeth ore, consisting almost wholly of pyrrho-
tite, contain about 0,1 percent cobalt, according to spectrographic
analyses by K, Jo Murata of the Geological Survey., Nickel makes up
less than 0,01 percent of ths ore., There are traces of gold ahd silver,
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The gangue minerals ars, in general, simply the unreplaced
minsrale of the country rocks The amount of introduced gangus
material is quantitatively negligible, and except for soms added
carbonate, tournsline, and feldspar, the only notable wall rock
alteration is a local increass in the grain size of soms minerals.
The principal gangue minerals are quarts, feldspar, muscovite, blo-
tite, hornblende, and carbonate, Quarts probably makes up an
average of 10 percent of the gangus,

There appears to be an ordsrly sequance of mineral formatiem in
the deposits, baginning with the growth of the minerals of regional
metamorphism and ending with the depositicn of sulfides. The sul-~
fides are tharefore believed to have been deposited in the closing,
low temperature stages of the regional metamorphism,

Relation of ore deposits to lithology
Sulfide minerals occur in all the important types of rock found

in the district and are not concentrated in any particular strati-
graphic horizon nor in any onse type of rock. Copper may be more
widespread in small amounts in amphibolite than in any other rock,
but no ore bodies are known in amphibolite and, at the Elizabeth
mine, there are indications that amphibolite may be an unfavorable
host rock for large-scale replacement, In gensral, locl of sulfide
depoaition and differences between deposits are determined by the
structure rather than the composition of the host rocks.

Structure of the ore depbsits

Classification of the deposits on a structural basis is somewhat
arbitrary, because the deposits have more similarities than differ-
ences, In all deposits where the structure is known, the ore is found
in those places where maximum permesbility probably existed at the
time of ore dsposition, The deposits are all tabular and made up of
groups of irregular veins, stringers, or lenses of massive sulfide,
separated by layers of wall rock containing more or less disseminated
sulfide, With only minor exceptions, the deposits as a whole and most
of the veins or stringers are essentially parallel to the cleavage of
the wall rocke There is great variety in the thickness, continuity,
and the amount of pinching, swslling, and coalescence of individual
stringers, In the largest and best ore bodies, howsever, such as can
be ssen now only at the Eligabeth mine, the individual veins or
stringers are large, close togother, and coalsscent, and the wall-
rock partitions separating the stringers are thin, irregular, end dis-
continuous, or occur only as scattered "inclusions" in the massive
ore, All gradations are found in the district from these large mas-
sive bodies to sparssly mineralized deposits containing several small
pod-like stringers scattered through several tens of fest of rocks
The margins of ore bodies are generally marked only by a gradual
feathering out of sulfide stringers.




At the Ely and Eureka~Union mines, the deposits consist of over-
lapping lenses that lie one above the other like shingles on a roof
(Ple 4 and fig. 4)s The dip of the individual lenses is slightly less
than the dip or plunge of the ore deposit as a whole, At Ely the
individual lenses averags about 300 feet long down the plunge, and the
lower end of one body overlaps the one below by an average of about 50
feet (see pl. 4)s The Elisabeth ore body is easentially a single unit,
possibly splitting up at the north ends Recent drilling by the Bureau
of Mines, however, indicates the existence of a new parallel shoot,

:omeuhat smaller than the main shoot and down the dip of the fault from
t. ‘

Although the ore deposits are so similar that, except for local
differences in wall rock and the attitude of ore bodies, a linmited ex-
posure in one mine might readily be confused with one froam any other,
soms of the deposits differ structurally in important respects from
others, The deposits may be classified, insofar as their structure is
known, on the basis of concordance or discordance with the country rock,
on the basis of the presence or absence of an important fault in the
space now occupled by the ore, and on the basis of the presence or ab-
sencs of a well defined shoot,

The sulfide ore bodies of the district are essentially parallel
to the cleavage of the adjacent wall rocksy with the exception of
minor deposits at the Cookville mine and along the fault southeast of -
the main Ely ore shoote The sulfidesat the Elizabeth and Cookville
mines, in the Ely adit, and possibly at the Smith mine lie along fault
planes, but no well-defined continuous fault was gfexnd along any of
the other veins, The two largest ore deposits of the district, Ely and
Eligabeth, are well-defined shoots plunging parallel to the important
linear elements of the region, The Ely ore shoot occupies a pronounced
flexure or roll in tha cleavage (fige 3), and plunges nearly parallsl
to the plunge of the roll. At the Fureka<Union mine, the mine workings
and drill holes suggest the existence of two irregular, partly con-
nected, tabular ore bodies that lie in essentially the same vein zone
dipping 35° E., but the elongaticn of the stoped areas is more nearly
down the dip than parallel to the plunge of minor folds, At all the
smaller mines and prospects in the area, subsurface data are not avalla-
ble or are inadequate to define the structural relations and outlines
of sulfide bodies. :

In summary, considering the ore deposits in terms of their relative
importance, about 85 percent of the total copper from the district has been
produced from the Ely and Eligabeth ore shoots, which lie parallel to
the plunge of the local minor folds, and most of the remainder from the
Bireka and Union mines, where the ore bodies are less well—defined.

'Rglation of ore deposits to regional geology

No definite correlation has been astablished between the distri-
bution of ors deposits and the major structure and disposition of the
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lithologic units, Tha deposits are found in all types of rock and
have several types of atructural control, The ultimate source of
the sulfide-bepring solutions probably lies at a considerable depth,
and most of the factors contributing to the present distribution of
the ore deposits cannot be dafinitely establishsd. Although it is
possible at some places to show why a certain type of structure
afforded a favorable environment for ors deposition, it is not possi-
ble to determine from surface exposures how or where solutiona ob-
tained access to this structurs in depth or why »n almost identical
structural environment in another placs has not been mineralized,
Nevertheless, a few observations can be made regarding apparent re-
lations between the distribution of known ore bodies and the larger
geologic features, These observations are highly spsculative because
they are based on statistically inadequate data, but they suggest a
hypothesis that might be a valuable guids to prospscting,

An arc can be described throush the major mines (Pike Hill,
Cookville, Ely, Elisabeth) that has a pattern somewhat similar to
and sub-parallel to the trace of the important Monroe fault (fig. 2),
5 to 10 miles farther east,and mors nearly parallel to the axis of the
cleavage arch a few miles to the west, This arc may reflact a deep
“basement™ structure from which mineralizing solutions emanated,

The contact of the achiat formation with the Waits River forma-
tion is very irregular and intricately folded where it pasaess thru
the Orange County copper district (see pl. 1 and fig. 2) but is com-
paratively straight north of the district, The Ely mine, and probebly
also the Eligabeth and Eureka~Union mines, lie on or close to the
axial planes of major folds whose flanks converge toward the southeast,
as shomn by the outcrop pattern of formation boundaries. It is not
known at present whether or not thia relationship is coincidental, but
the existence of such a relationship suggests that other points where
the axial planes of similar mejor folds intersect the arc described
above may have been favorable loci for ore deposition,

Origin of the deposits

The sulfide minerals were deposited at high temperatures, proba-
bly from hydrothermal solutions that originated at depth directly or
indirectly from the intrusion of igneous rocks such as those exposed
north of the district, No direct means are available of detemining
the depth at which sulfide deposition took place, but any attempt to
restore the folded structures of the region above the presant surface
shows that the surface of the land at the time of deformation must
have lain many thousands of feet above this present surface. Evidence
that the ore deposits were formed during the last stages of the
regional deformation, and thus at considerable depths, is consistent
with the high~tempsrature minsral assemblages and the lack of mineral
zoning in the deposits, as well as with the lack of low-temperature

wall-rock alteration adjacent to the deposits.
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Deposition of the sulfides appears to have been controlled
almost entirely by physical environment rather thsn by the chemicsl
composition of the wall rocks. Placss favorable for ore deposition
exi sted along faults or shear zones, as at Elisabeth and in flexures
in the cleavage, as at Ely. At these two mines most of the copper
was deposited in elongate arsas, probably of greater permsability or
lower pressure then the surrounding rocks, that are orisnted parallel
to the regional plunge of fold axes and were probably determined
directly or indirectly by the same forces that produced the folds,
Where such linear control was lacking, sulfides were depoaited
irregularly through the rocks, largely along cleavage planes, forming
eoncordent tabular deposits with irregular outlines, as at the Bureka-

Galon mine, - .

POSSIBILITIES FOR FUTURE EXPLORATICN
Extensions of known deposits

Extensions of known deposits can best be proved by diamond drill-
ing or development workings, aided in some places by geophysical explo-
ration. The Elizabeth vein zone is, perhaps, still the most promising
deposit in thies respect. The lower end of the main shoot has not yet
been found and recent drilling has shown that there is at least one
other parallel shoot on the same feult plane, Unexplored ground on the
fault at great depth below the mine, at shallow depth north of the mine,
and below 300 feet for almost a mile south of the mine may contain other
shoots, Furthermcre, surface indications of significant minerslization
at the old South mine and midway between the South mine and the Elisa-
beth open—cut have not been adequately tested, On the basis of present
knowledge, the large amount of amphibolite and hornblende schist along
the vein zons south of and below the Elizsbeth mine may be unfavorable
for development of large ore bodies in these directions. '

The Ely ore shoot is not known to terminate at the bottom of the
present workings, but thes cost of exploring and developing the probable
downward continuation of the shoot would be very high compared to ex—
pectable gains, Recent drilling by the Bureau of Mines and examination
of exposures in the main adit suggest that there is probably no workable
ore body on the fault plane nesr the surface immediately southeast of

the main Ely ore shoot,

The ore bodies at the Eureka and Union mines appear, from past
records and recent drilling, to be largely worked out. The only favora-
ble unexplored ground adjacent to the mines lies a few hundred feet
northeast of the bottom of the Union mine where a northward-plunging
cleavegs roll was found by surface geological mapping sdum after drill-
ing was completed. An ore shoot may exist in the anticlinel portion of
this cleavage roll, a position analogous to that of the main ore shoot
et the Ely mine (see fic. 3). If such a shoot exists, it might repre- .
sent the main locus of ore deposition, and the deposits now mined out
mizht represent the dissipated upward leeskage from this shoot.
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The sulfide deposits at all the smaller mines and prospects in
the district ares too poorly exposed and generally i, amall or lean
to warrant exploration by diamond drilling, and they 4re thersfore
considered in connection with the regional search 1., new deposits
by geophysical msthods,

New deposits

As a preface to a discussion of the ssarch for naw deposits, it
should be stated that an ore shoot comparable to that, gt the Ely’mine
could exist safe from discovery beneath the glacia] drift at all but
8 negligibly small number of places in the district,

Exploration for new deposits of massive sulfid, ore under shallow
oover can be attemnted most easily by geophysical Zrthods guided by
gsological inforration. A program of geophysical ¢r;loration in the dis-
trict was begun by the Geophysical Section, Bureau g Mines, under the
direction of G. Re UacCarthy, Test traverses at the Flizabath mine
showed that a magnetomster is not sufficlently influenceq by the sul-
fide ore to give satisfactory results, Self-potenti,) measurements,
however, showed & close relation to the known distriintion of ore,
and resistivity measurements were somewhat leas satisfactory.

Some general characteristics of the deposits miat pe considered
in geophysical exploration and particularly in folliwing up geo-
physical work by drilling.

The ore deposits are tabular, and with a few nin,p exceptions
are parallel to the average strike and dip of cleavayy in the adjacent
rocks, :

The largest ore bodies are definitely elongats, ang the direc-
tion of plunge is easentially parallel to the axes (¢ the local minor
folds, gn most of the district, these folds plungs 8lightly east of
north, but in the vicinity of the Ely mine the dirmction 1s nearly
northeast, The angle of plunge ranges from 5 t0 35 degrees.

A large deposit plunging nearly down the dip of tpe cleavage may
have relatively ehort horizontal dimensions, of the ,rder of 100 to
300 fest, but a deposit plunging nearly parallel o ths atrike of
cleavage may have a strike length of more than 1,000 geet.

Self-potential measuremente should be made wherqvap practicablae
over known deposits to establish controls for explonf,ory worke In
the absence of control data isopotentiel patterns over typical ore
bodies can only be inferrsd, Isopotential lines ove, , truly large
ore body should be expected to describe a pattern thyy 4,4 definitely
elongate parallel to cleavage or a fault plane. It g, possible that
most of the current generated by the chemical activit; of an ore body
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mey bs discherged at one or two points at the top rather than
the whole uppar edge, but this is pot known to ba true of the oo
County deposits; positive evidence

1s wanting. Some
electrical activity in which the maxd, pot§£ti centers of

faxdmun drillial difference wag
Xplored by ng at the Dimon
property, on a hill 1 mile south of the Ely mine, .

a
lines surrounding the centers form nearly ei . The isopotential
narrow patterns, and drilling on and near the ;i:tor. falled to €
veal more than a few traces of sulfide, In order to profit frem his
exparience, future drilling prograns might be restrictey to those
centers of activity which lie ipn distinctly elongate areas of nega-
tive anomaly, should any such be found,

Drill holes planned to explore an elongate area of negative
anonaly should first be located to intersect g line drawn from the
centsr of the gnomaly in the direction of Plunge of minor folds of
the area, Unless there is definite evidence to the contrary, the
possible ore body may be assumed to lie in a plane that strikes and
dips parzllel to the cleavage in the vicinity,

Specific areas recommended for geophysical 8xploration

The fundamental causes for localization of ore d
the district as a whole ares unknown and it is theraefo
point out a rather large numbar of areas which are
pecting. These areas, chosen largely on the basis
the rocks, can be stated to be the most likely pla
concealed ore deposits, but no area can,
guaranteed to contain ore,

eposits within
re necessary to
favorable for pros—
of the structure of

ces to search for
for obvious reasons, be

Viewed broadly, the most favorehle parts of the area for finding
ore are probably near or betwsen known large deposits, No reasons
are known at present why large ore bodies may not lie outside the
district, but, empirically, areac within the district apnd particularly
within an elongate area one or two miles wide that includes the Eliza-
beth, Ely, Cookville, and Bureka-Union mines would seem to afford the
best opportunitiess Thies assumption is favored by the rough paral-

leliam between this area and the major late-stage structural elements
of the region,

Areas considered most favorsble for geophysical exploration are
shown on the geologic map (pl, 1), and are described in the following

paragraphs in groups according to what is believed to ba their rela-
tive merit,
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EEJQQJ;IEEEEmended areas

t possibilities in the district, Poor
9 folding in the cleavage, which might
Ody, is restricted to the mineralized
leult to predict the position of new
face geology without actually finding
to the amount of exploration that
seems advisable, The Elizabeth yvein from the north end of the Eliza-
beth mine to the South mine should be traversed at closely spared
intervals, probebly not exceeding onp apart, and the traverses should
be carried at least 50C feet from the vein both east and west. The
projections of the vein should Probably be explored for at least a
mile along the strike, resardless of results, and favorable results
right encourage continuation te ¢ greater distance, Initial
traverses to search for and test extensions of tne vein probably
should not be more than 500 faet, apart, gnd their length should be

increased in proportion to their distance from the ends of the known
vein, '

controls the Ely ore shoot, are common in an elongate area extending
from o point at least 3 miles northenortheast of the Ely mine to a
point about 2 miles north-northegat of the Elizabeth mine (pl, 1),
The total area underlain by rorka with more westerly strike includes
many square miles, and in a natted program of regional geophysical
exploration, traverses covering all of the cleavage rolls would not
be advisable, particularly if ths most favorable parts do not appear
to contein new ore deposits, The best areas for exploration of
cleavage rolls appear to be the following:

The group of rolls in the fmymediate vicinity of the Ely mine
(pl. 2), particularly the roll lying about 1,200 feet sast of the
main shaft entrance, should definjtely he explored, This latter roll
shows extraordinary curvature and lies close to a known sulfide ore

body.

Points at which the arc that includes the Elizabeth, Ely,
Cookville, and Eureka mines intesrsects the axial planes of large folds
(see p. 10) should definitely be explored whera they 1ie within or
close to cleavage rollse Two ersag that contsin such points are (1)
an area about a quarter of a mils gguare north of the road intersection
a mile west of Center Hill, and (2) the top and north slope of a ridge
1 mile north of Ely mine. No r- 115 were found 4in the lstter area,
but ocutcrops are poor and there are many rolls to the south and east.

Part of an elongat~ ares.of westerly strikes lies .just east of
Miller Ponds This arca, which I3 roughly between the Ely and Eliza-
beth minas, might well be exrlorsd from a point a mile or more north



of Miller Pond to its southern end. Part of this area that lies
1} miles west of West Fairlee and south of the Dimond property is
considered eanecially fevorable,

The rolls north and, to a lesser degree, west of Miller Pond
are fevoresble for the same reason as the preceding. Seversl local
inhabhitants describecd a proepect pit in sulfide on the slopes west
of Miller Pond, but this was not found., Geophysical work west of
Niller Pond would be hindered by moderats and lccally severe "blow
down," Except for a small area just north of the pond, and near
the roads southwest of the pond, most of this area is ccnsidered
less favorable for efficient prospecting than the areas doscribed

in the two preceding paragraphs,

Recommended areas

Areas classed as "recommended” might wsll be explored geo-
physically after s pert, possibly half, of the exploration of
cleavage rolls had been completed if results on the rolls were not
satisfactory. The area of rolls at the Ely mine, end the more ac—

cessible arsas just north, east, snd for some distance south of
Miller Pond should be axnlored before the "recommended areas."

Area north cf Ely mine.—An area north of the Ely mine is-
worth exploring because of the possibility that the mineralized
fault that lies southeest of and intersects the main ore shoot may
continue north beyond the shoot.. Two small prospects a half mile
N, 20° W, of the main sheft entrance show traces of pyrrhotite.
The area is mostly rather open woods with some cliffs,

Vicinity of Eureka and Union mines.—An area south of the
Zureka mine, and including the Smith mine, deserves ex;lcration,
Numerous trenches in the area between the Eureka end Smith mines
show sparsely scatterad sulfide, but considerable potential pground
hetwaen the mines is unexplored, particularly west of the line of
trenches, There has been no exploration of the vein zone more than
500 feet south of the Smith mine. This area is heavily wooded, &nd
contsins considerable Mblowdown,"

There might be an ore shoot rear the surface along an east—
west line at about coordinate 800 S, between coordinates 200 and
400 E, (pl, 7), as suggested on ps 27, A north—south traverss cn
coordinate 300 E. should bhe run,.

Drilling results at the Union mine were discouraging, but
tke shellow srcund north of the Union mine along the projected out-
crop of the vein zone (not outlined on mep) is almost unexplored and
mipht werrant a few traverses, The area is wooded.



Cookville mine.~~The fault on which the Cookville mine lies
is believed to afford excellent opportunities for discovery of an
ore body by geophysical methods, The vein {s probzbly only a foot
or so in width in the open cut, but is moderstely rich in copner.
It is compzrable in msny respects with the area of leaner veins
along the fault south of the Klizabeth mine, The fault trace for
many hundreds of fest north of the open cut, in e position analogous
to that of the main Elizabeth ore body, is covered with glacial
drift, possibly several tens of feet deep locally. The glacial
cover has prevented any attempt to explore this promising ground.
This area is mostly open pasture with minor woods.

The arsa south of the open cut, continuing the analogy with
the Elizabeth mine, is less favorable than the northern area, but

still deserving of attention,

Area north of Strafford.—-\n area lying on the east side of

- the valley one mile north of Strafford village is recommended for
exploration becauses of the rocks it contains. A small test pit ex—
poses a coarse grained alterad amphibolite, made up almost exclu—
sively of & pele hornblende typically found associeted with copper
mineralization in the region. Glacial bculders of this rock, some
of which contain disseminated chalcopyrite, were found ecattered
in the till as far south as Strafford village., Exposures near the
pit are inadequate to define the possible limits of an ore body,
but the unusual amount of pale hornblende suggest the desirability
of geophysical exploration, The area is a steep open pasture,

Orange and Gove mines,—Sulfides occur at scattered points in
the vicinity of the Oranse and Gove mines within a few feet or tens
of feat of the northern boundary of a persistent layer of needle
amphibolite, This zone, not outlined in plate 1, might be profitably
explored geophysically between the two mines and for some distance
beyond tc the east and west, The sulfide veins, where exposed at
the mines, are only a foot or two in thickness, and there is no
strictural evidence to permit prediction of & large ore shoot. The
location of the zone is well defined stratigraphically, and the area

is largely open pasture,

Less favorable areas

Cert.ain areas less favorahle than those described above might

warrant eventual investigation by geophysical methods, The chences
of finding an ore body in these areas is considered to be far greater
than at random points in the district, such es might be located by

drawing stralght lines betwsen mines.
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Area south of Gilman Hil),—ein area for exploration is shown
Just south of Gilman Fill on plate 1, This 2rea contains locally
erratic strikes in the cleavage of needle amphibolite, three test
pits in which the rocks contain trcces of chalcopyrite, and a proba-
ble fault., The aree is mcstly open pasture, )

Area west of Cookville mine,—From a2 half to one and a half
miles west of the Cookville mine along the north contact of a large
body of needle amphibolite there ie a sharp change in the strike of
the cleaveze (ple 1 and fige. 2). This change suggests a structural
discordance that might be followsd by an ore body, but the area must
be considered as e "wildcat™ location, The contact follows the bass
of a very stesp wooded slcpe,

DESCRIPTICN OF DNDIVIDUAL DEPCSITS
Elizsbsth mine

The Elizabeth mine has been described in detail in a report !/

1/ vhite, W S., Geology of the Elizahath Copper mine, Vermont:
Us Se. Ceol. Survey, report in open files, pp. 1-9, 3 plates, 1943.

evailable for inspection in the files of the Geological Survey. Maps
accompanying this report may be obtained upon written request to the
Director, Geological Survey, Weshington 25, D. Cs

Ely mine

The Ely mine (pl. 2), slso known as the Vershire or Copperfield
mine, lies almost 2 miles northwest of the village of West Fairlee,
The property can be reached by public road, but the entrance to the
shaft is about three—quarters of a mile from the road, and not ac~
cessible by automcbile, The workings ahove the level of the main
edit and a lower adit are still accessible, but all other workings,
including over 90 percent of the main shaft, are flooded. It is
omed by the Vermont Coprer Co., Inc.

Production
Copper was discovered at the Ely mine in 1821, but little was
mined before 1854, The production, so far as known, and the periods

of idleness that followed the first important operations ars given
belowe :
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5@\7 Nt
Tons ore ralsag

m Year Pounds Copper
183, 134 1870 94,3, 461
1855 198 1872 1,200, 0004
1856 37 1876 1,646,850
1857 245 1860 3,186,175
1858 AL 1882 360,000
1859 789 1883-1888, 1dle

1861 1,812 1890 633,000
1863 1,4% 1892 1,200,0004
1864, . 880 1893-1899, 1dle

1865 1,520 18991901 Development

1867 k920 1902-1903 Production small

1868 5,650 1903-present, kine idle

In 1918, about 300,000 pounds of
sold as f'lat;ti_on ooncentrateg, copper from the dumps were

From 1854 to 1882 & propyy “Pparently could not be made when
the price of .Leke copper fel] my.p, below 254 per pound, In the
period 1889-1892, the average pri,, ..~ 13.35¢, but 1t is not known

how profitable the enterpris, mas, ° purchase price of the mine,

mill, and mlt".’ in 1888 wa, Very modest compared to their origingl
cost .,

Geologz

The important geologic featuren of tpe mine and the location of
workings are shomn with a *pographic bage in plate 2, Pletes 3 and
k, respectively a plan and Yoction of the main workings, are largely
reductlons of two dravings Lindly lowngq tho writer by P, S. Smith,
supplemented, where possibl. by data ohteineq from surface ard under—
ground mapping, Plete 5 iy 4 Feproduction of part of plate 3, showing

the location of numerous & loglc section late 6 de in the work-
ings above the main adit ley,) e (plate €) ma

The country rock is FUrtemica achigt nerally garnetiferous
with subordinate mica schist, micgoent quartaite, kyanite schist.
and hornblende schist or axihibolits, Sillimanite schist was found
on the hill just waet of the + The attitude of the cleavege in
the neighborhood of the mirg ¢, shown {p Plate 2. Arezs in which
the strike of cleavage is ., westerly than the average constitute

the cleavage rolls describa: ., Page 6, The bedding is highly
folded, and generally trends .., Northarly and dips more steeply
east then the cleavages The gy4,) Plarms of the folds are more or
less parallel to the cleavz;., The pl:

“nge of the axes of mincr folds
and of the intersections of” :%e ard cleavage are shown in plate
2, The axes of cleavage rclj, and the 1xes of the ndnor folds are
essentially parsllel, and t«:, *PProxinate the plunge of the main ore
shoot,



The ore is 2 mixture of pyrrhotite and chalcopyrite, with minor
sphalerite, The average grade is betwsen 3 and 3.5 percent copper,

The main ore shoot, which lies in the middle of a broad roll or
flexure in the cleavags (fig., 3, pl, 2), consists of a series of
long narrow ore lenses oriented parallel to the cleavage of the wall
rocke Individual lenses may be 20 or 30 feet thick in the middle,
but the averags is about 10 feet. The central part of the lenses
was apperently mostly massive sulfide with minor thin intercalations
of achists Only the margins of ore bodies can now be examined, but
the cross-sections of the workings drawn parallel to the strike (pl.
6, sections A-A! to J-J') suggest the outlines of the bodies. Their
lateral margins exposed in the workings show tapering and feathering
out into a number of thin veins or stringers separated by barren
schist (ple 6)s The strike length of the ore lenses, shown roughly
by the width of the stopes in plan (pl. 3), ranges from 50 to almost
250 feets The pitch length of individual ore lenses is gensrally not
over 300 feet, according to Smith,1/ The lower end of one ore lene

1/ smith, P, S,, The copper sulfide deposits of Orange County,
‘Vermont, unpublished thesis, Harvard University, p. 128, 1904,

generally overlies the upper end of another in the manner of shingles
on a roof, The average overlap is 50 feet.2/ Yhen the lower end of

3/ Idem, P 131«

an ore lens was reached in mining, the upper end of a naw one was
always found by sinking a2 winge for 20 or 30 feet through lean or
barren schist, An attempt to reconstruct the outlines of some of
these lenses for the purpose of illustrating the overlapping lens
structure is presented in plete 4o The ocutlines of lenses are con—
structed wholly from the written descriptions of Smith and others,
supplemented by an interpretation of certain workings shown on the
plan (pl. 3), and are only diagrammatic, The dashed lines do not
necessarily represent workings, and the elevation of the lenses with
respect to the shaft are assumed, except for the "Black Stopes,"
which were surveyed. The shaft follows a series of stopes through-—
out most of its length, but epparently it passes through barren rock
between some of the lenses., The total length of the main shoot, as
mined up to the present time, is 3,380 feet, measured parallel to the

shaft.

Parts of the mein adit and the small stopes southeast of the
main ore shoot follow a mineralized thrust fault on the adit level.
The trace of the feult on the adit level is shown in plate 5, It
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dips about 420 E, There is locelly 2 pronounced drag fold in the
cleavage adjacent 4. the fault (pl, 6) on both hanging and foot
oction of curvaturs shows reverse fault movement,
A vein of 8ulfide with 4 maximum thickness of 2 feat end an average
thickness of less than s foot lies on this fault, In o few places
there are thin Stringsrs or groups of stringers that branch from
the main vein ang follow the cleavage of the hanging wali, Bureau
of ¥ines drill holes E-2 ¢o E~5 showed most abundant traces of sul-
fide at points "here the holes intersected the projection of this

Plane up the dip in the cross—sections (pl. 6, sections D-D' to F-Fr)
Suggests that the fault plane may continue with slight curvature
through the “orkings known as the "Back stopes," as shown in figure
3, or betwaen the "pgek stopes” and the main ore shoot above, The
fault {s svidently parallel o nearly parallel to cleavage where it
lies within the cleavage roll,

The fault hay bear a close relation to the Ely ore shoot, The
Pitch of the shoot, is parallel to the plane of the fault, and the shoot
lies close to the intersection df the fault with the axial plane of
the rolj, Whether or not the fanlt served as a feeder for the main
8hoot cannot be readily determined, but the closs structural connec-
tion between the fault and the ore shoot is important, particularly
83 providing 4 pattern which might bs a useful guide in prospecting
for ore bodies in this or other similar districts, The area in which
& minera)izeq fault crogses a cleavege roll may be at or close to an

ot

placed, Assuming Vartical movement, the east side has dropped 10
Teet with Tespect to the west. These fenlts are probably the same
43 same, at least, of the planes shown as "dike wallsh on the old

-In addition to the workings connacted with the mein shafy,
theres are a3 nyphep of minor workings nearby, Largest of these is an
adit, c2ved at the entrance, 650 fest south of the main adit. Begun
sometime befors 1859, this adit was planned to give access to the



main ore shoot in depth, but it was abandoned about 1863 when the
main shaft had already been carried below this level, Between coor-
dinates 7730 No and 7775 N., this adit follows an irregular szone
containing a few thin stringers of sulfide, Between 7775 N, and
7850 N. the sulfide vein is better defined and has a maximum thick-
ness of sbout 5 feet, tapering to the north and southe The vein
strikes N, 15° E, and dips about 30° E,, parallel to the cleavage
of the schists, The ors was stoped up to the surface in this inter-
val, and & winze of unknown depth was sunk in the widest part, The
remainder of the adit to the north ccntains only a little scattered
sulfids, and appecrs to lie sast of the mineralized zone., A long
crosscut driven northwest from the adit along the strike of the
;laa;ag: is all in barren schist and amphibolite except for the first
ow 1eéel,

A vertical shaft 71 feet deep was sunk in barren rock 70 feet
e2st of the entrance to the main adit; it was started about 186/ as
an eir shaft to the lower adit, but was never completed,

Two steep to vertical prospect chafts, probably of the order of
100 feet desp, were sunk near the roast beds about 1896, Both show
abundant amphibolite on their dumps, and many fragments from the
more northerly show abundant tourmaline and coarss pyrrhotite. At
coordinates 8260 N., 6320 E., 2 shaft 80 fest long, sloping 35 degrees
towards ths northeazt, shows some scattered sulfide and e little
massive sulfide in schist and emphibolite fragments on the dump.

Tabulation of drill hole data

Significant data from diamond drill holes at the Ely mine are
tebulated below, The locztion and bearing of holes are shown in
plates 2 and 3, and the inclination of the Bureau of Mines holes in
projection are ghown in plate 4. The inclinations of company holes,
drilled undsrground about 1901, are given below, Assey data for the
Bureau of Mines holes were kindly furnished in advance of publication
by lr. H, P, Hermancs, project engineer.

Bureau of Mines holes (all inclined 80° at collar)

Hole Interval (ft.) Ass Cu Sulfides ohserved in core
E1l Bottom 500! No sulfide
E2 202, 5~208.5 (S) 0.151/  Trace 193.6', trace 20L.L!
236.5-238,5 (s) o, Trece sulfide at 231
231, 5~28645 (s . Trace 279.4%, 283,3'-283.8

298. 5—”105 296.5"‘297.8'. Fault?
301.5-309,5 (s Trace 302,21, 303', 3036,

o7
Bott.om 321 . 5

0.15
0.1
0,15
291.5-296.5 &S g.%g Trace 287,6', trace 288!
0.06

2.



Hole Irterval (£t,) Azzcy (% Cu)

E 3 2990}"¢ 03 0001,

QUlfides obeervad in core

Tourmaline—gyrrhotita
335-0“242-0 8’22 Jeattered vainlets
3450;"}44-:’3 LS Valn quartz with sulfice
517.1-417,1, Tiaces sulfids
AEZ--’J.*&S?.!& (s) 0.45 Trace LL2e7Y, L1411, hLb.st
59:2-460,3 6403 Chalcopyrite stringsrs with
. . 2,41
Bottom 503.7 g::ﬁx;tito L594144,62. 1,
E4 5360~5642 Traces pyrrhotite, little
chalcopyrite
73.8-75.3 0.03 T'Nmaline—qtz, little
lfide
83.9-87.4, 0.10 Irphibolite, disseminated
A 0 8ylfids
11047-113,3 35 Sulfide veinlets, mostly
byrrhotite to 113,61t
11507"11700 Elf,lmtg 2% coprer
132,7-134,2 0.29 Voinlat, Fault?
Bettom 190,5
ES 19947-207.7 0.04 Dlngaminated sulfide
21;0.6-'214008 0009 Rl".h 2" vein, Fault?
Bottom 300,5

1/ (8) meens sludge eample, generally inaceuryy, indication of grade
and position, locaticn of sulfide stringers Tjresented is givfxxx. under
core observations,

Company drill holes in mine, ca, 1901

Hole Inclination Loz, as v,

DH-1 30° 0-137, d), 18-51, vein matter:
| 51-82, mck.ull; 51, H
DH=2 42,5° O3%s 9F% 10, dike wall; 10431,

ore; L3-561, ain matter; 56-60!', rock,

DH-B . 102050 0‘6'! I‘O':'(,‘ ".7' ore: 7-11,5' dike
wall; 11.5.-.1/“5': ox‘e; 16.5—29:, rock.

DH~4, 42.5° O-12", ok ang ore; 1222, dike wall;
22‘3‘0', Ors; 3[’...1‘91; rock.

DH-5 75° 0-107, rork 44 ora; 1042, rocke

D6 .23 O42Y, rock; 113,21, ore; 432489

rock; 48.%4’1.7', ore; 49.7-130.3, rock,
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T AYd 9 !
Hale Incliraticn Logs 23 ctven

DH=7 27° 0:6245', rock,
DH-E 35° 0-56.51, vock,
DH-9Q No dsata

Ore reserves and possibilitises

There are virtuelly no measured ore reaserves at the Ely mine
A few indications of continuity, however, are given by the diamond
drill holes put down in the mine, Drill holez DH-1l to & sugcest
that the vein has been displaced downward about 15 feet on the aast
side of the line labelled "dike well." If it 1s assumed that the
ors cut by three of the holes lies in a eingle vein, the ore is
found to be up to 6 fest thick, and to striks N, 5° W, ang Aip 3°
N.E, The block of ground outlinad by the holes contains ahout 500
tons of ore. It is reasonable to assune that, neglecting the slight
displacement along the so-called "dike wall,®™ which has ipparentl
discouraged extensive exrloration, the ore shoot continues down tg;
plurga in ruch the same manncr as above, lore thick lenga, may well
exist belows The principsl obstacle to further developmant s the
high initiel cost of exploring and reaching the ore,

Drillirg by the Bureau of Mines near the top of the shaft and to
the sonth, and erxamination of the vorkinge abhove watar 1laye) indicate
that thers 2re probably no large minaable ore bodies at o near the
level of the maln shaft, either on the fault plane southeget of the
main shaft, or left along the lateral margins of the main ghoot Hol
E~4 intersects the projection of the fault plane at a point dcw; tha °
Plunge from the small ore body exposed in the lower adit, anq gy, ost
that no well~defined shoot exlists there, vggests

Pike Hill mipss

4

The Pike Hill mines (pl. 7) include the Fureka (Corinth) Union
and Smith (Bicknell) mines on the east side of Pike Hill 1 gorinth.’
The Eureka and Unicn mines are 3.7 miles south of Waits Riyep villa;a
and 2,8 miles north-northwest of Cookville. The Smith mine 15 a smell
opening half a mile farther south, The two important minas gpe only
0.3 miles from a public road, and all are directly access{ple by wagon
road, Part of the Earekes mine gbove the adit level ij 2ccessible where
not caved, but the Union mine is mostly flooded. There are large Open'
cuts on the vein abovs the stopes, and numsrous trenches tetween the
Eureka and Srith mines. The property containing the Bureka and' Union
mines is ownad by the Vermont Copper Co., Inc,

Production

Coprer was discovered at the Eureka mine et least as sarly as 18/4,
The known production und the pariods of idleness ere giver helow:

[ )
()
.



Union mins
1866~1881

1881 to present
Eureka mines

18631864

1866

1868-1950L, -
1905

1906

1907

1907--1915
1915-1916

1918

1919 to prasent

31,504 tons of ore, presumsbly hand sorted,

averaging 8.5-10 percent copper,
Idle

369 tons ore

1,755 tons ors

Idle

131,9]-1 lee Cu.

3)[“377 lbs. Cu,

1'25,367 lbs, Cu,

Idle

42,000 1bs. Cu.

509,651} 1bs, Cu., m56 OZ, Agi
Idle

Iittle is knowm of the history of the Smith mina,

Geology

GCeneral description.—The country rock in the vicinity of the
Pike H111 minas is calcareous quartz-mica schist with subordiriate
mica schist, Hornblende schist and amphibolite ware observed only
on the dumps of some of the trenches near the Smith mine,

The bedding is highly folded; generally it trends slightly more
easterly and dips more steeply than the cleavage, although at wost
places the deformation hae been so intense that the two struct,res
are essentially parallel, The minor folds plunge almost north ,t
angles ranging from 5 to 15 degress., The average strike of the
cleavage is No 30° W. and the average dip is about 35° E, Messyre—
ments of cleavage attitude on virtually all the outcrops near the

mines 2re shomm in plats 7.

East of the principal mines, the axis of a broad roll in tj a
cleavage plunges about 20° X, 5° E. East of the Eureka mine, rhig
roll, made up of an anticline east of a syncline, is very rror.unced,
as sugeested in figure 3, although structurzl data ere relatively
scanty there. The amount of curvature decreases to the north angd
south, and south of tha Eureka open cut and sast of the Union zineg
there is only a slight deflection of the average clsavage stric,,

The Eureka and Union ore bodies 1lie on the western 1limb of the sym-

clinal portion of the roll (fig. 3).



The ore at all the mines consists of a mixture of pyrrhotite
and chelcopyrite, with subordinats sphalerite, Pyrrhotite proba-
bly makes up 4O to 50 parcent of the ore mined. A weighted average
of the coppar content of 58 charnel samples collected betwsen 1903
and 1918 at the Eureka mine 3s 3.74 percent, equivalart to almost
11 percent chalcopyrite, The average ore mined in 1918, however,
contained only 2,34 percent copper. A weighted average of the
copper content of 23 channel samples collected in 1903 from the
margins of the Union oré bodies is 3,15 percent. The samples from
the Union mine average 3.5 fest in length, and it may be inferred,
therefore, that they were taken to represent grade of sulfide rather
thar grade of mineable widths of ore, Sphalerite is about one-

;i{hth as abundant as chalcopyrite in the Bureau of Mines drill
Oles.

Eurska 2nd Union miness~The Eureka and Union ore bodies con-
sist of a nurber of ore lensas whosa general ehape may be infarred
from the outlines of workings to be roughly elliptical in plan,
The lenses ars roughly elongate in a direction slightly east of
north, and their average langth, about 175 feet, is approximately
twice their average width, Weed 1/ states that the average thick-

1/ Weed, W, H., Copper deposits of the Appalachian states: Us
S. Geol, Survﬂy B’d.ll. h55, Pe 33’ 19110

ness is & feet, The central part of the ore lensss now mined out,
w2s prooably largely massive sulfide, Along the margins, the ore
lenses feather out into a number of thin sub-parallel veins (fig.

L, section A). The lenses as a mhole and their constituent veins
and stringers lie essentially parallel to the clsavage of the rocks,

The Eureka and Union ore bodies lie within & single narrcw
vein zone whose upper surface is defined by the structure contours
of plate 8. The contours are drawn on the top of the mine workings,
as shown on old blueprints, and at the top of the highest massive
sulfide encountered in drill holes. Within the vein zone, the
individual ore lensas overlap one another like shingles on & roof,
Section C in figure 4 is a diagrammatic representation of the
arrangement of ore bodies in the Eureka mine, suggested largely by
the shape of the workings, Wendt 2/ gives a similar section repre-

g/ Yendt, A.‘P;, Pyrites deposits of the Allegheniss: Eng.
and Min. Jcur., vol, 41, p. 409, 1886,

santing the overlapping ore bodies of the Union mine., The overlap
is in the direction of the dip, as at the Ely mine, The ground
botwean or~ lenses may be barren schist, or may contain scattered



veinlets and disseminated sulfida, Iocally two lenses may be con-
nected across the cleavage by a series of discontinuous small
atringgra en echelon, as {llustrated in section B, figure 4.

The part of the vain zona that contains the richest ore bodies
is dafined by the cutline of tha workings of the Eureka and Union
mines (pl. 8). The vein zone hetween the two mines contains only
thin veins of sulfide., Holes drilled in the vicinity of the mines
suggest that a definite boundary to the mineralized zone more or
laes follows the southeast edge of the Fureka workings and paseas
through the lowsrmost Union workings. Practically no sulfide has
been found on the east side of this line, The boundary is nearly
parallel to and just west of the trough of the syncline showm in
figure 3. Drill holes EU 5 and 6 and P 8, all drilled approxi-
mately in the trough of the syncline, showed 1ittla or no sulfide,
The structure contours of plate 8 show a slight curvaturs in the
southern workings of the Eureka mine, suggssting that these mar—
ginal workings lie close to the trough of the synclina,

Three holes north of the Union mine, drilled to determine
whether or not thare might be a single ore shoot plunging north-
northeast through the two mines, sncountered very little sulfide.
Hole EU 11, just north of the bottom of the Union mine, contained
the largest amount of sulfide, namely 2 veins 1.5 feet thick sepa-
rated by 5 feet of schiat,

The only evident relations of the cre deposits to geologle
structures ars thelr parallelism with cleavage and their apparent
termination along a line nearly parallel to local lineer elemants,
particularly the axis of the adjacent synclinal rolles Three other
features of the deposits werrant attention, namely, the lean vein
zone between the two mines, the apparent elongation of the two ore
bodias, as suggested by the workings, plunging more nearly down dip
than local fold axes, and ths apparent absence of mineable ore
bodies north of the Union mine, These features bear no significant
relation to the major structure of the area and permit no analogy
with the other two large mines of the district, If certain assump—
tions are made, howsver, a satisfactory explanation for the distri-
bution of ore can be offared, which could be used as a guide for
future exploration,

A corpparison of cross-sections of the Ely and Eureka mines in
figure 3, dramn at right angles to the plunge of minor folds and
rolls in the cleavage, is suggestive, The Ely ore shoot, which is
continuous for at lsast 3,380 feet down the plunge, lies in and
Just west of the crest of the anticlinal portion of a roll in the
cleavage. The Eureka mine, on the other hand, 1lies on the west
1imb of the synclinal portion of a similar, but more accentuated
‘poll, The maximum formation of potential openings would normally -
be expected where the Ely shoot occurs, and definitely would not
be expected whers the Eureka vein liss. The possibility is
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suggested, therefore, that the site of major ore deposition at Piks
H11ll actually lies at and just west of the crest of the anticline
and thot the vein that has been explored to date represents only
sulfidss deposited by solutions that leiaked out of the maln charnnel.
The ground along the anticline (s2e pl, 7) has not been explcred,

If a major ore shoot at the cleavsge horizon of the known ore bodies
follows the crest of the anticlins, it would crop out along an east-—
west line at about coordinate 800 S. between coordinates 200 end
40O E, between some old trenches, The Eureka and Union ore bodies
may, however, represant the entire upver extensions of & major ore
shoot, in which case no ore might be found in the crest of the enti-
cline above the elevation of or south of the bottom of the Union

mine, .

Choice of a pracise targst for exploration is difficult because
the dip of the axiel plsne of the anticline is not knowm, The crest
in depth, therefore, may lie west but probably lies east of the
crest at the surfaces A preliminery hols might be tentatively
planned to intersect the fcleavage horizon" of the vein gone at coor-
dinstes 1000 N, and 600 E. It should be noted that hole EU 11, 250
fest west of the rscormended spot was by far the bast of the holes

drilled north of the Union mine.

Area south of Eurska mins.~The Smith mine workings consist
principally of a small inclined stope, about 50 feet across down dip,
and 70 feet long. It is connected to the surface by a2 50-foot adit
and an irregular opening in the backe At the north end, close to
the outcrop, thers is a 4O-foot ¥XX drift, and a winzs, now flooded,
was sunk for about 40 feet down the dip of the vein below the stope

north of the adit, )

The schists contain sulfide throuzh a thickness of at least 20
feet, The sulfide occurs dissemineted in the schist and as scattered
small stringers that dip about 30° E,, parallel to the cleavage,

There appears to be a principal sulfide vein immediately below a well-
defined hanging-wall parting that may be a fault plane. The parting
strikes No 55° W, At the north end of the drift, this eulfids vein

is about six feet thick and contains very minor chalcopyrite but is
only a foot or two thick elsewhere in the walls of the mine. Other
stringers, one of which follows ancther parting, branch off into the

footwall and possibly into the hanging wall.

The ore examined in the workings and on the dumps is probably
of about the same grade as the othar Pike Hill mines. The few places

at which the deposit could be examined failed to discloss a mineable
thickness of good ore, either massive sulfide or schist with abundant

chalccpyrite, but the fact that the stope is 8 to 10 feet high sug-
gests that the ore mined was of good width. .
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Five dril) holes were put down in 1916 just north of the Smith
nine (pl. 7)¢ They revealed only sparse sulfide, but the interaec-
tions in the holes suggest the attitude of the vein zone in this
aouthorn arsa, The zone appears to strike ebout N. 5° E, and dip
35° E., and appsars to cut across the cleavage at a low angle,

There are over L0 small pits and trenches in the area betwsen
the Smith and Eureka mines and south of the Smith mine, Theses have
all caved and slumped, and only a few exposures of bedrock remain,
Inspection of the rocks throwm out, however, reveals that no massive
sulfide and only & small amount of disseminated sulfide were en-
countered in any of them, The disposition of trenches shows a keen
undsrstanding of the structure of the area. They follow very clossly
the trace of a theoretical curved surface that is sub-parallel to
cleavage end passes through the Union and Eureka mines toward the
Smith mine, This surface has a large "ridge" plunging north where
it follows the roll east of the Eureka mine,

If the Union, Eureka, and Smith mines lis in a single plane
that has no significant curvature, this plane would outcrop es much
as 400 feet west of the line of tranches at coordinate 1500 S,; it
would pass below the bsttonms of drill holes S1, 2, 3, and 5, and
through sparsely mineralized schist in hole S84, It is not known,
therafore, that the mines do not lie in such a plans, and that there
are no ore bodies betwesn the Fureka and Smith mines.

Tebulation of drill hole data

Significent date from diemond drill holes at Pike Hill ars tabu-
lated below, The Pursau of Minas holes wers all drilled S. 75° W, at
an angle of 80° with the horizontal, except for hole EU 2, which was
started at an angle of 60 degrees. All the company holes, drilled in
1916 and 1917, were inclined at 60 degress to the horizontal, The
holes around the Eureka mine were drilled S. 75° W., and the holes
near the Smith mine were drilled due west, Assay data for the Bureau
of Mines holes were kindly furnished by H. P, Hermance, and records
of the old drill holes are from the files of the Vermont Copper Co,.,

Inc.
Bureau of Mines holes

Hole Interval ‘ft,} Assay &4 Cu) Core observations

B 1 69.2~70,2 . 2,85 Chalcopyrite 69.2=69.41,
7002"720[G 0005 70 0-70920 Mixed S\ll-
T2~ € 0.76 fides 72.6=70.81.
Thob~TTelks 0.10 Schist
T74~80.1 1.07 Sulfide on edges of-
quartz vein
80'1"‘8500 0015 Sulfide 8203"83.0'
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Bureau of Mines holes (continued)

Hola

EU 1

Interval (ft,.) Assay (% Cu)
35.$~85.5 2,19
Se 92,7 _ 3) 0.43

A (5 oes ¥
102.7-113.7 (8) 3.80 2/
Bottom 145.5¢ '
172.3-173.5 0,47
17306“‘175014 1.1
Bottom 210!

Core observations

Sulfide
Core ground up
Most of core ground up
+ Poor rscovery, very
minor sulfide in core

Part disseminated
sulfide
Messive sulfide

;/ (S) means sludge sampls, generally omitted whare cors recovery was
good.

2/ Some of the copper in this sample may have come from & ground up

Diamonds in the destroyed bit were set in copper alloy.

bit,

EU 3

EU 5
EU 6

59.0~65.0 0.45
65.0~70.2 1.36
70.2-71.8 0.50
71.8-72,9 1,32
7209‘83010 baand
83.4~87.7 0.62
87.7-89.7 1.23
89.7-95.5 0.18
95.596.8 3.76
Bottom 1251
148,3-151.0 0.49
151,0~156,9 0.33
159.9-260,1 0.80
Bottom 190%'
No sulfide, bottom 240!
213,9-215.6 3.36
215,6~222,0 0.17
222,0-233,1 -
233,1-234.6 0.66
234,6-237,0 0,12
237.2-240,1 0,30
Bottom L9

Patchy sulfide
Patchy sulfide
Micaceous quartzite
Petchy sulfide, vein
quartg

Micaceous quartzite
Lergely pyrrhotite
Schist and sulfide
Pyrrhotite 92,9-93,3!
Massive sulfide

Trace sulfide at 148,3!,
148, 5!

Sulfide, mostly
pmotitOJ 11{90 6"150. 8t »
154.8~155,31

Disseminated sulfide

Much sulfide in schist
Dissen, sulfide 221,0~221,6?
Quartz-mica schist

Sulfide, some disseminated
Quartz-mica schist

Mostly pyrrhotite

Hole drilled deep to test foot of voinf



Bureau of Mines holes (continued)

Hole

Intarval (ft,)

BU 11 343¢9-245.4

3&59#"35739
357.9=361.4
361.1263.3

3634326749
367.9=369.3

Bottom 396.2'

B0 12 220,0-221,6

221,6~223,0

Botton 31“08'

EU 13 311,.2-31.7

382,0-382.9

Assay (4 Cu) Core observations

0094 Sulfide

— Trace sulfids 247.2¢,
357.7¢

0.36 Disseminated sulfide,
veln quarts

1.69 ¥assive sulfide

0,12 M cacacus guartzite

6,20 _ Massive sulfide

0,02 Massive sulfide, mostly
pyrrhetite

0,27 Disseminatad sulfide

0.12 Patch sulfide 311,.5¢

0.12 Patch sulfids 382,8!

Company holes near Eureka Mine, 1916-1917

Hole
P1l

P2

P3

PL

Interval

161,0-179,0
179,0-188,6
Bottom 232,5!

146.3-148,0
148,0-150,0
150,0~153,9
153.9-158,0
158,0-166.3
Bottom 187.,0!

T163~7649
76.9-86.0
86,0-87.0
8’].0"‘89.7
89.7"10100
101,0~102,6
102.6~105.0
105,0-108,7
Botton 133‘0'

196401967

Bottom 250!

Description of core

Scattered sulfide
Feir ore

Low grade

Fair ore

Barren

Good ore

low grads, streaky

Good ors

Berren

Fair ore

Barren

Good ore

Falr ore and quartz
Good ore

. Spotty ore, fair grade

Ore
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Company holes near Eureka Mins, 1916~1917 (continued)

Hole

P35

‘P 6

P7
P8

It erval

13814
144246
146149
14,9-153 .
Bottom 180t

e0-81
81-82
82-85
85104,
10!~107
107-116
116120
Bottom 150¢

No data

Dezeription of core

Little mireralization

Fair ore, mostly pyrrhotite
Barren

Low grade

Estimated 3% Cu
Barren

Fstimeted 28 Cu
Barren

Lass than 1% Cu
Barren !
Low grada

A1l schist, bottom 325¢

Company holes near Smith mine, 1916

51
‘82

s$3

3 4

s 5

181-181.2
Bottom 209t

1145-1105,1; )
Bottom 196!

1,0-149.8

149 .8-152,6
152,6~15L.8
15,.8=167.6
167.6=170,0
170,0-172,0
172,0=177.0
177.0=120,5
Bottom 198!

96~106,5

106.5-121.0
121,0-121,7
121.7"'11{70 5
1%7,5-155.5
Bottom 1907

757945

Ore

Pyrrhotite

0,18% Cu
0,88% Cu
C¢20% Cu
Barren

1053% Cu
0090% Cu
Barren

0,20% Cu

Estimated 0,5% Cu
Barren

Estimated L% Cu
Disseminated =sulfids
Estimated 14 Cu

" Estimated 3% Cu
Bottom about 125!

.




Ore reserves and possibilities

Except for drill hole EU 1, sludge samples from which may have
been salted by a ground-up copper bit, ncne of the holes show sul-
fide equivalent to 6 fest of 2 percant ore, LMeasured reserves of
ore mineable at present are therefore negligibls, except for a few
bhundred tons of ore laft in pillars and the margins of workings,
The ore taken from the Eureka mine in 1918 shows a progressive drop
in the average grade from 2,58 percent copper in July to 1,96 in
December, suggesting exhaustion of the best ore in sight.

Unless further exploration along the lines suggested above re-
veals the existence of a new ore body, thers is no reason to expect

any noteworthy production in the future,

Orange and Gove mines

The Orangs and Gove mines lie about 1,75 miles northeast of the
village of Strafford, end about 4 miles north of the Elizabeth mine,
The deposits ere on the land of Mr, Glenn Titus of Strafford, but
the mineral rights on the Orange mine, at least, are owned by lMrs,
Reynolds, widow of the last operator. The locations of mines and
prospects are shown in plate 1 and figurs 5.

The Gove mine, which Mr. Titus states was last worked during
the Civil War, consists of 2 small open cut and an inclined shaft
of unimown depth, now filled with water. The size of the dump indi-
cates that about 10,000 cubic feet of rock were removed, The Orange
or Reynolds mine, 2lso flooded, wes worked briefly during the lest
war, and the remains of a shaft house and amall mill, built sometime
before 1911, are still standing, The workings consist of an in-
clined shaft 110 feet deep and a 70-foot drift on the 100=foot level.
The dump is only slightly larger than that at the Gove mine. A few
bags of unshipped concentrates at the Orange mine give some indi-
cation of the type of ore mineds Three small prospect pits and a
proapect shaft were also dug in the area,

The ore deposits are in needle amphibolite that lies strati-
graphically a few hundred fest below the top of the Waits River
formation (fig. 5)s A bed up to 50 feet thick of mica schist with
abundant large gamets lies between the amphibolite and the cal-
careous rocks to the north, The rocks strike about N. 55° W, and
dip 30° to 4O° N, Clesvage is essentially perallel to the bedding,
but shows a more constant orientation. Regional geologle mapping .

suggests that the rocks are overturned.
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The ore is an aggregate of pyrrhotite and chalcopyrite, as at
the other mines in the districts Pyrite is abundant in small patches
and veinlets at the Gove mine, but is not closely associated with te
chalcopyrite. Pyrite is negligible at the Orange mine and adjacent
prospects, but & little magnetite was found on a dump nearby, Mae-
sive sulfide, largely pyrrhotite, forms the principal vein material,
but much of the chalcopyrite is disseminated or occurs as tiny
stringers in the edjacent host rocks The average copper content of
the massive sulfide is estimated to be 1 percent or less, Sphalerite
is nearly as abundant as chalcopyrite, cnd the average zinc content
of the vein meterial is probably about the same as the copper content,

The principal gangue minerals are quartz, feldspar, and horn-
blenda, Carbonate is generally presert in amall amounts, end a little
tourmaline ies found locally, Some of the sulfide at the Crange mine
is disseminated in coarse gamet~biotite schist, :

The ore occurs in veins that lie parallel to and a few feet or
tens of feet south of the northern boundary of the amphibolite, The
vein appears to lie on & small thrust fault at the tep of the Gove
shaft, and its relation cannot be determined elsewhers, Dump frag-
ments at the Orange mine indicate that some sulfides are actually
found in the garnet-mica schist to the north at this point. Ex~
posures are inadequats to determine whether the sulfide vein at the
Crange mine and adjacent prospscts is continuous with that at the Gove
mine, but the few observations that can be made suggest that the ore
deposits lie in a single narrow poorly defined gzons that only locally
contains significant amounts of sulfide,

The thickness of the massive sulfide layer at the top of the
Gove shaft renges from thres inches to three feet, The wall rock con-
tains small stringers and disseminations of sulfide within a foot or
two of the vein, The veins sre narrower where observed in the pros-
pect pits, but that in the Orange mine could not be examined. The
vein zone may contain several branching veins, more or less parallel
to one another, as at the Ely and Pike Hill mines,

The shepe and structural relations of the deposits developed by
the mines is not known, There does not appear to be any well defined
structural control of ore deposition, and the distribution of sulfides
along the gensral vein zone may be very patchy, analogous to the simi-
lar but larger deposits at Pike Hill.,

There are no appreciable measured or indicated ore reserves in
the vicinity of the mines. A very small tonnage of sulfide, proba-
bly averaging less than 1 percent each of coppsr and zinc over a é~
foot stoping width, may be inferred from surface exposures ap%igxnmi-
nation“of the dumps.’ Tee ST T "
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Cookville =ine

The Cockville mine is 0,9 miles south of Cookville (Corinth
P. 0.)s The workings, shown in figure 6, consist of a 250~foot
open cut and trenches, prohably dug at about the time of the Civil
War. A 15-foot shaft was sunk near the middle of the open cut
shortly before 1900, The open cut has en average depth of about 7
feet. The walls of all the workings have slumped badly, and ex-
posures are poor,

The open cut appears to follow e sulfide veln, but only a
little disseminated sulfide was actually seen in place. The
slumped rock and dirt in the bottom of the pit presumably covers
the vein, Fragments of ore on the dump are typical massive sul~
fide, dominantly pyrrhotite with subordinate chalcopyrite, Layers
of magnetite in amphibolite were found in dump fragments. The
average copper conteant of the massive sulfide is probably about 1
percent, but some schist with disseminated sulfide appears richer
in chelcopyrite. The sulfide zone is at leaat 1 foot wide locally,
but the average width is not known.

The wall rocks ere calcareous mica schist and a composite rock
made up of laysrs cof hornblende schist and muscovite schist, This
composite rock, probably of volcanic origin, is the host rock of
practically all the sulfide. The contact between the celcareous
and non—calcareous rocks was not seen, bhut the distribution of the
rocks, as shom in figure 6, indicates that the contact is a fault.
The fault sppears to lie just west of the south end of the open cut,
and inside the remainder of the cut, It strikes N, 12° E., and dips
steeply, but the direction of the dip is not known., The average
strike of the fault to the north and south appears to be more nearly
north-scuth (pl. 1) :

The sulfids vein, defined by the open cut, lies partly on the
fault and partly on a plane that diverges from the fault to the
south,

The rocks thrown out of the shaft near the middle of the open
cut are massive fine—grained diorite, composed largely of stubby
hornblende crystals with random orientation. This diorite 1s proba-

"bly intrusive, but was not observed in place, A large body of the
same rock was found on the staep slope west of the mine (pl. 1).

The ore in sight is negligible, The importance of tha deposit
1ies solely in the evidence it gives of a mineralized fault. For
although the part of the fault opened by the workings of the Cook-
ville mine may contein only minor sulfide, other parts may e in
or adjacent to workzble ore hodiese The.arez north of the mins,
which, by analogy with the Eligabeth mine, is most favorable for
such an ore body, is deeply covered by glacial drift for a distance
of several hundred fest, Ore bodies might also be found to the

south along the fault,



A tunnel of unimown length was driven into barren calcarecus
schist on the slope west of the mine. The tunnel was driven to

find ore indicated by & divining rod,

Dimond property

The Dimond property includes the top and the south and east
sides of the hill 1 mile south~southeast of the Ely mine., The
Dimond house iz 6,900 fest S, 15° W. of the Ely shaft. Chalco~
pyrite was once found in a pit, now covered up, LOO feet north of
the house, and in enother pit, also covered, 1,600 feet N, 29° w,
of ths house, There is needle amphibolite at both localities,

Large negative electrical anomsalies have baen discovered on
the property by self-potential determinations made by G. R.
¥acCarthy of the Bureau of Mines. The erea was prospected geo-
rhysically because the projection of the feult southeast of the Ely
mine intersects a cleavage roll east of the housa. The csenters of
electrical activity are shown in plate 1 and figure 7.

Extensive drilling has been undertaken by the Bureau of Mines
to determine the source of the currents, but nothing capable of
producing the observed potential differences (over 800 millivolts
at the center of the ancmaly 1,400 fest N, 25~ W, of the Dimond
house) has been found to date.l/ A map of the property (fig. 7),

1/ November 1, 1943,

based on the same grid as plate 2, shows the attitude of the
cleavage, the plunge of small rolls in the cleavage, and the loca-
tion of the centers of activity and drill holes, Hols 13, drilled
to intersect a point down the plunge of the minor rolls from the
center of the largest anomaly, encountered sulfide at two places,
The hole wes drilled toward the center of activity at an inclination
of 65 degrees with the horizontal et the collar. There is a vein

5 to 15 millimatars thick of pyrrhotite with a 1ittle chalcopyrite
et 314 feet and a zone with many tiny anastomosing veinlets of the
same material between 321,6 and 322.3 feet, The other holes, which
wers drilled principally to test the ground directly below the
centers of sctivity, found nothing of significance except for a
stringer of graphite at 93 feet in Hole E 10,

Minor prospects

. " In addition to the dnposits describéd above there ‘are many °
small prospects within the Orange County copper district. A large



'number of these, shown in plate 1, were visited dyrine the field work
but two that are known to exist could not be toun;f "%g.,: ar: un3°’ ’
doubtedly a few other prospects that were neithep
the writers! attention, found nor called to

The locations of prospects and summary descriptions are listed
as follows:

(1) 1,400 feet S. 80° E. of Eureke mine adit, 20-
Hornblende-garnet rock. GCossan fragments; no'3§§f§§2 :22:?’

(2) 1,400 feet Ni 30° W, of Cookville mine. Deep ghaft, Needle
amphibolite. Traces of pyrrhotite and Chalcopyrite.

(3) 2,500 feet N, 86° T, of Cookville mine, Largy deep shaft, two
uncompleted adits; claimed to be a silver ming, Quartz~mica
schist and bleck mica schist. Traces of pyrrhotite and chalcopyrite,

(4) About a mile Z.N,E. of Vershire, near top of steep wooded slope,
Small prospect showing chalcopyrite. Prospect not found,

(5) 4,100 feet N, 20° E. of Mill village and 4,750 feet N. 31° E. of
Mill village, Two small prospect pits in quartz—mica schist. No
sulfide seen in exposures,

(8) 2,750 feet N, 20° W, of the Ely shaft, Two smal) shefts and e
short caved adit, Needle amphibolite band ahowt, 75 feet wide.
Coarse pyrrhotite veinlets; no chalcopyrite agep, ‘

(7) 7,850 feet N, 89° W, of the Ely shaft, Large pit in coarse hom-
blende schist, - Sparsely dissemineted pyrrhotite, traces of

chalcopyrite,
(8) Southeast of Gilman Hill, 1,400 feet S, 62° E, of entrance to a

private road on south side of West Fairlee-Strafford road et height
of land; 400 feet south of Strafford-Vershire town 1ine. Small shaft
in amphibolite and coarse gernet achist. A l{ttle coarse pyrrhotite,
tourmaline., An outcrop of amphibolita 150 feqt south has pyrrhotite
and tourmaline, : '

(9) 1,400 feet south of (8), Pit 10 feet across, (On fold in coarse
garnet schist betwsen calcareoue schist and nesdle amphibolite.
Disseminated pyrrhotite and traces of chalcopyrita,

(10) 2,900 feet 5. 12° W, of (8), 1,550 feet S, 225 i, of (9). 15-foot
inclined shaft in coarse garnet schist, Scattered pyrrhotite,
traces of chelcopyrite in small concordant feqlt zone.

(11) south of Gilmen Hill, 2,750 fest S, 34° W, of entrance to e private

: road on south side of West Fairlee-Strafford proad at height of land.
Well just behind abendoned farmhouse. Calcarsous schist, Traces

) of pyrrhotite,

2123 Slope west of Miller Ponde Pit showing chalerpyrite, Pit not found.

13) 3,850 feet M, 82° E, of Orange mina, Three simell pits, Needle
amphibolite, Pyrite veinlets,

(14) 5,950 feet N, 89° W. of Gove mine. Small pit, Altered amphibolite,
Disseminated pyrrhotite and chalcopyrite.

(15) 7,500 feet No 79° W, of iron bridgs in Straffsrd village, Small

". - ghaft, - Needle amphibolits. Pyrrhotite and ‘chaleopyrite ‘velnlets, |

(16) 1,150 feet S. 86° W. of (15). C - :



CONCLUSIONS

On the besis of a geologic study of the Orange County copper
district, & program is outlined that offers hopeful possibilities
for the discovery of new ore bodies by geophysical exploration and
diamond drilling.

Geophysical investigation of highly recommended areas should
be carried out to the extent suggested on page 15 The discovery
of ore or more large self-potential anomalies, preferably showing
marked elongation parallel to the cleavage, should be sufficient
grounds for investigating all recommended areas.

. Favorable results of geophysicel exploration should bs follond
up by diamond drilling, preferably after interpretation of the re-
sults in the light of detailed study of the local gsology. In
addition, hopeful possibilities for the discovery of ore bodies by
diamond drilling at Pike Hill and the Dimond property are apperent
on the basis of geologic and geophysical data already available, -



